INTRODUCTION
============

Materials commonly used to fabricate provisional restorations include polyethyl methacrylate (PEMA), polymethyl methacrylate (PMMA), polyvinyl methacrylate, and bisacryl. Among these materials, bis-acryl resin has become popular as a material for provisional restorations because it is convenient to use, delivers a low exothermic reaction, and causes less polymerization shrinkage.[@B1],[@B2]

In general, the chemical similarity between materials being bonded has a great effect on the bond strength between the polymers involved.[@B3] Therefore, employing a repair resin that is chemically similar to the provisional base appears to deliver a higher bond strength than that of other materials that have a dissimilar composition.[@B3] However, in contrast to this rationale the bond strength between bisacryl and bis-acryl is considered weak,[@B4] and the difficulty of using it in repair is therefore seen to be a critical shortcoming of bis-acryl resin. To overcome this limitation, some authors have suggested the use of light-cured flowable composites as a repair material for bis-acryl provisional restoration. Hagge et al.[@B4] showed that air abrasion, followed by the application of a flowable composite, can be a successful method of repair for use with bis-acryl composite. Through case reports, Bohnekamp and Garcia,[@B5] and Hammond et al.[@B6] demonstrated efficacy of the use of flowable composite as a method of bis-acryl provisional restoration, although the resistance of the repaired composite to fracture using this method has still not yet been proven.[@B3]

Repairing a provisional bis-acryl restoration using bisacryl would simplify the process of repair, and the bond strength of the repaired material would be expected to surpass that of bis-acryl and flowable composites. However, no reports have yet determined a method to achieve strong bond strength between bis-acryl resins. The purpose of this *in vitro* study is therefore to determine an appropriate way of increasing the bond strength between bis-acryl resins, by comparing the shear bond strength between bis-acryl resins obtained using different treatments involving light curing, pressure, oxygen inhibition, and heat.

MATERIALS AND METHODS
=====================

Self-curing bis-acryl resin (Luxatemp AM Plus, DMG, Hamburg, Germany; shade A2, Lot 698382) was used as the base material and repair material. The shear bond strength test required the use of a sample holder to fix the specimen in the universal testing machine, perpendicular to the orientation of the shear force, and transparent acrylic glass rods (Polymicar, Tae-guang, Korea) were fabricated for this purpose. The mixed self-curing bis-acryl resin was dispensed into a 12-mm-wide hole in the acrylic glass rod and was allowed to set for 10 minutes.

Prior to repair, the surfaces of the specimens were ground with silica carbide (SiC) paper (grit 180), rinsed with water for 10 seconds, and dried for 30 seconds using an air syringe. Hard transparent gelatin capsules (4.0 mm in diameter) were used as matrices for the production of columns of relining materials bonded to the bis-acrylic provisional resin surface. The capsule was partially filled with repair materials to limit the thickness of the bonded material to 2 mm ([Fig. 1](#F1){ref-type="fig"}).

Immediately after specimen preparation, the specimens were treated in the following different ways for 20 minutes: CONTROL - room temperature without any treatment, LIGHT CURING - exposed the top surface of the specimen to a light curing unit (Drs light, Good Doctors Co., Jungcheon, Incheon, Korea), PRESSURE - stored in a pressure cooker (PSPC-24C, PN Poongnyun, Danwon, Ansan, Korea) without waater at 0.2 Mpa, OXYGEN INHIBITION - applied an oxygen inhibitor (Oxyguard II, Kuraray Noritake Dental Inc., Kurashiki, Okayama, Japan) around the repaired material, and HEAT - applied heat using a dry oven (WiseVen, Daihan Scientific Co., Yeong-deungpo, Seoul, Korea) at 60℃, 100℃, or 140℃. Each group involved 10 specimens and [Table 1](#T1){ref-type="table"} describes the groups tested.

After the treatments were applied, the shear bond strength was measured with a universal testing machine (AG-10KNX, Shimadzu Co., Kyoto, Japan). A knife-edge shearing rod was used at a crosshead speed of 1 mm/min to place a load on the specimens until fracture occurred. The shear bond strength (MPa) was calculated from the peak load of failure. The aspect of each bonding failure was determined and recorded using a video measuring system (Optical video measuring system, Seven Ocean, Seoul, Korea) at 10× magnification.

The mean and standard deviation of the shear bond strengths were calculated for each treatment group. The data was evaluated for homogeneity of the variance based on the Levene test (α=.05). A comparison of the bond strength between repaired specimens was conducted by one-way ANOVA and Tukey multiple comparison tests (α \<.05). All statistical analyses were carried out with SPSS for Windows (release 12.01; SPSS Inc., Chicago, IL, USA).

RESULTS
=======

The results of the shear bond strength for each experimental group are summarized in [Fig. 2](#F2){ref-type="fig"}. The detachment results for the groups treated at room temperature indicates that group 3 (pressure) had the highest shear bond strength followed by group 4 (oxygen inhibition), group 2 (light curing), and group 1 (control). However, there were no statistically significant differences between the groups treated at room temperature.

The heat treatment groups (Groups 5-7) showed statistically higher bond strengths than the groups treated without heat (Groups 1-4), and the groups treated at a higher temperature resulted in higher bond strengths. There were also statistically significant differences between group 5 (heat/60℃) and group 6 (heat/100℃) (*P*\<.05), but there were no statistically significant differences between group 6 (heat/100℃) and group 7 (heat/140℃). There was a burn odor recorded during heat treatment at 140℃, but there was no trace of burn on the specimen. All of the groups treated at room temperature (Groups 1-4) showed adhesive failure and all of groups subjected to heat treatment (Groups 5-7) showed cohesive failure. Most cohesive failures took place in the base material of the specimens, but four specimens of group 7 (heat/140℃) showed cohesive failure of the repaired material.

DISCUSSION
==========

There is little available information concerning methods to increase the bond strength of dental composites especially for bis-acryl resin, but light curing,[@B7] pressure,[@B8] oxygen inhibition,[@B9] and heat[@B10] have been proposed to fortify the mechanical properties of resin composites. Therefore, to achieve the purpose of this *in vitro* study, finding the way to increase the bond strength between bis-acryl resins, light curing, pressure, oxygen inhibition and heat was selected as variables of the experiment.

The effects of light-curing, pressure, oxygen inhibition, and heat treatments on the shear bond strength between bis-acryl composites were evaluated. Among the above identified treatment methods, only the application of heat had an effect on the shear bond strength between bis-acryl resins and strong bond strength could be achieved using heat treatment after 20 minutes of bonding.

Although there are few available studies involving the heat treatment of bis-acryl, investigations of the heat treatment of other dental resins showed that increasing wear resistance,[@B11] tensile strength,[@B12],[@B13] fracture toughness[@B14] and hardness[@B15] were obtained by applying heat treatment. These reports concluded that the increased mechanical properties resulting from heat treatment was related to an increase of the degree of cure. Therefore, the effect of heat treatment on dental resins prompts the degree of cure. The degree of cure of bis-acryl is lower than other provisional restoration materials[@B16] and it can be improved more than other provisional restoration materials by heat treatment. In conclusion, the dramatic increase in bond strength between bisacryl obtained by heat treatment in this study seems to be related to the low degree of cure of bis-acryl and the accelerated cure of bis-acryl by heat treatment.

The optimal heat treatment for composite resin was 125℃ for a total of 7.5 minutes,[@B17] but there is no available information about the proper heat temperature for the treatment of bis-acryl. In our study, there were no significant differences between the groups heat-treated at a temperature of 100℃ and groups treated at a temperature of 140℃. During heat treatment at 140℃, a burning odor was smelt and only specimens heat-treated at 140℃ showed cohesive failure of the repaired material. Therefore, it can be assumed that the strongest bonding between bis-aryl resins was achieved from heat treatment around a temperature of 100℃ for a time period of 20 minutes and the chemical deformation of bis-acryl occurred at a heat treatment temperature between 100℃ and 140℃.

Ferracane and Condon[@B18] showed that shorter heat treatment was sufficient to enhance the mechanical properties of a composite resin compared to heat treatment for different durations (3 hours and 10 minutes) at the same temperature (120℃). The duration of heat treatment is also an important factor, although it was not considered in this study. Indeed, although a strong bond between bis-acryl resins was achieved through heat treatment of 20 minutes, there are concerns about shrinkage and deformation of bisacryl resin due to the heat treatment. Therefore, in order to apply the results of this study to the clinical setting, more data regarding time factors of heat treatment and the other effects of heat on the mechanical properties of bis-acryl resin are required.

CONCLUSION
==========

Light curing, pressure, and oxygen inhibition have no effect on the shear bond strength between bis-aryl resins. However, higher bond strength between bis-acryl resins can be achieved using the heat treatment of 100℃ for 20 minutes.
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